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By M. Leroy Spearmn aGd Corneliizs  Driver 

An investigation -ms been made ir- the  Lmgley 4- by h-f'oot super- 
sonic pressu-re t u n e 1  a t  a Mach nunber of 2.01 t o  deternine the longi- 
tudipal  and l a t e r a l   s t & b i l i t y  and control   character is t ics  or' a 6oo delta- 
wing airplane  configuration  equipped with a trzpezoidal canard c m t r o l  
and with wing trailing-edge f b p  controls. The investigation  included 
studies of khe T l ~ p  colltrol  both  with m-d without the  canard  surface  and 
studies of the  cmard  control  alone an2 in   condwctton wi th  f lap  control .  
Eech of the  control  zrrar-gements was ir-vestigated f o r  a configwation 
having e i the r  a s icg le   body-muted   ver t ica l  tai l  or twin -wing-nounted 
ve r t i ca l  tails. 

The resu l t s   ind ica ted   tha t   for  e. cons tan t   s ta t ic  mrgin, the  maxi- 
urn values of t r i m  lifi a-6 t r i m  l i f t -d rag   r a t io  were generally  higher 
with the canar0  control  than w i t h  the  trail ing-edge  f lap  control.  How- 
ever, t h e  t r i d n g  advantages of the camrd  control over the  flap con- 
t r o l  decrease es the   s ta t ic   mrgin   decreases .  For a constant   s ta t ic  
mmrgin, there  was generally l i t t l e  d i f fe rence   in  the t r i m  character is t ics  
with %he flap  control  vhether  the  canard surface WES on or off'. However, 
for the  sane s t a t i c   w r g i n ,  the center of gravity must be fa r ther  rear- 
w a r d  u i t h   t h e   c a r d   o f f  and  hence the   e f fec ts  on d i rec t iopz l  stebility 
rmst be  considered. When used in  conjunction vith the carlard control, 
the nmt sigcificaxt  contribution of the f lep  control  w.%s an increase 
i n  the m x i m - t r i r a  ii1f-L. The highest maxinurr! values of lii?-&ag r g t i o  
vere  obteined when trimning  with  the  carzrd su-rface alone. O d y  for  a 
small l i f t  rmse above t h e   l i f t   c o e f f i c i e n t  for ~~~inum lif t -c i rag  ra t io  
did the  use of t h e   f l a p   i n  conju-n-ction wi"ih the  canard coEtrol provi&e 
e higher  lii ' t-drag  ratio than did the  canard  coctrol  alone. 

The -Lwi-n"tail configwation,  in  conparison w L t h  the single-tzil 
configuration,  povided e s tab i l iz ing  increment i n   d i r e c t i o n a l   s t a b i l i t y  
t h ~ t  increased somewhat with  increasing  angle of a t tack  es E result of a 
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A research  prograa  is  underway  at  the  Langley 4- by  4-foot  super- 
sonic  pressure  tupnel  to  deternine  the aerodynmic characteristics  of 
several  canard  airplane  configurations  at  supersonic  speeds.  The  longi- 
tudinal  and  lateral  stability  characteristics  for  configwetions  having 
a trapezoidal  wing m& a 600 delta  wing  are  preseatea  in  reference 1 f o r  
Mach  numbers of 1.41 and 2.01. The  effects  of cmard surface  size  on 
the  aerodynsmic  characteristics  of  the same two  configurzztions  are  pre- 
sented  in  reference 2. 

The  configmations  inchded in  references 1 and 2 mzde  use  of  only 
the  canard  surfaces  as a mans of  longitu&iml  coctrol.  This  investi- 
gation  has  subsequently  beer-  extended  for tln-e 60° delta-wing  con2igura- 
tion to include  the  effects  of  constank-chord  plain  trailing-edge  flep 
controls  extended  over  the  inboard 40 percent  of  the  exposed  wing  semi- 
s p ~ .  The  flaps  were  investigated  as a means ol' longitudinal  control 
both  without  the  canard  surface  and  in  conjunction  with  the  canard s w -  
face.  The  investigation  included  the  effects of the  controls  for  con- 
figurations  'raving  two  different  vertical-tail  srrangeaents.  One 
arrangenent -fie use  of a single  body-nounted  vertical  tail.  The  other 
made  use  of  twin  wing-mounted  vertical  tails  that  had a total  area  twice 
that  for  the  body-nounted  tail  and  were  located  outboard  of  the  canard 
swface wake  in  the  hope  that a favorable  sidewash  effect  might  be 
realized.  This  paper  presents  the  results of this  investigetion  for a 
Mach  number of 2.01. 

S r n O L S  

The  results  are  presented  as  force  and mor~nt, coefficients  with 
lift, &zg,  and pitching-moEnt  coefficients  referred  to  the  stability- 
axis  system  and  rolling-moment,  yaTcing-moment,  ard  side-force  coefficients 
referred  to  the  body-axis  system.  (See  fig. 1.) The  reference  center 
of moaents  was  at  fuselage  station 25 (fig.  2(a) ) vhich  corresponds to 
the  7.75-percent  point ol' tae vil?_g mean  geometric  chord  projected  to  the 
fuselage  center  line. 

CD bag coefl'icient, FD'/qS 

pitching-nonent  coeff  icienb, KY /qSE 
S 
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rolling-noraent  coeTficien-L, KxbSb 

y&wing-rnon?ezli coef f icLent , 1% /qSb 

si&e-force  coefficient, PJ/SS 

lift force 

drag  force 

mment about  Y-exis 

n0mn-L about X-axis 

monert  about Z-axis 

side  force 

free-stream dynaaic pressure, lb/sq ft 

wing  area  including  fuselage  intercept, 1.53 sa_ ft 

wing span, 1.88 ft 

wiEg m e a n  geometric  chord, 1.086 ft 

free-stream  Vich  number 

angle 03 attack,  deg 

angle 02 sideslip,  deg 

defiection  angle of cznard with respect to fuselage  reference 
line,  positive  when  trailir-g  edge is dom-, deg 

deflection  angle of trailing-edge flap with  respect to w i n g  
chord  plane,  positive Then trailing  edge is down, deg 

lift-drag  ratio, CLlCD 

directional-stability parmeter, X,/& 

efzective-dihedral  parameter, LC1/& - 
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side-force  parameter, Zy/& 

Subscripts : 

L l e f t  

r i gh t  

S s t ab i l i t y   ax i s  

MODELS AND Al?PARATtS 

MCA RM L58420 

Details of the  nodel  are shom in   f i gu res  2 and 3 and the  geonetric 
character is t ics  are presented  in table I. Coordinates for the  body are  
presented  in  tzble 11. 

The camrd  surface hed a r a t i o  of exposed  ares. t o   t o t a l  wing area 
of 0.062. The trail ing-e0ge  f laps had an  area  equzl t o  the   eqosed  area 
of the canard. surface. The c a a r d  control was motor driven an6 deflec- 
t i ons  were s e t  by remote control whereas tke  f lzp  control  deflections 
were s e t  manually. 

Details of the ver t i ca l  tail, which differs from t'mt used i n  ref- 
erences 1 2nd 2, a r e  shovn in  f igure  2(b) . Both the body-mounted t a i l  
and the wing-nounted tails  had the  sane  dimensions. The direct ional  
surfaces  difserel!  further from those  shom  in  references 1 and 2 i n  that 
n3  ventral   f ins were used. 

The  model w&s rr.our_ted i n   t he  t.mnel on a remote-controlled rotary 
sting end force measurements were made through  the  use of a slx-component 
internal  strain-gcge  balance. 

TZSTS,  CORRECTIONS, UD ACCURACY 

The tests %ere =de a t  z Mach nlmber of 2.01 with a s"kagmtion 
pressure of  10 pounds Fer s q w e  inch and a stagnation  temperature 
of 100" F. The Reynolds nt.mber based  sn  c fo r  t i e  wing was 2.68 x 10 . 
The stagnation dewpoint vss mintsined  suff ic ient ly  Low (-23O F o r  l e s s )  
so  t h a t  20 cordensation  e3r"ects were encountered i n  "ine test section. 

- 6 

The angles of a t tack  and s ides l ip  were corrected  for  the  deflection of 
the  balance and s t ing  under lose. The base pressure xas measured and the 
&rag vas  ed&sted t o  a base pressure  equal t o  free-stream s t a t i c   p re s sme .  
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The  esti-ted  accu_racy of the  individual  measured  quantities  is  as 
follows : 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  +_0.0003 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.0010 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0004 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0004 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0001 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  +-0.0015 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  -10.2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0 .I 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  *o .l 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.01 

The  tests  were  made  through an angle-of-attack  range  fron  about Oo 
- to 28O. The  sideslip  derivatives C C2 , and Cy were  obtained 3' P -B 

fron  the  increnental vdues measured  through  the  angle-of-attack  range 
at  constant  sideslip  angles of about Oo and bo. 

DISCUSSION 

Longitudinal  StzbilFty 

The  eflects of callerd  control  deflection  on  the aeroQndc charac- 
teristics  in  pitch for trailing-edge  flap  deflections or" Oo, -loo, -20°, 
and -30' are  shown  in  figure 4 for  the  single-vertical-tail  configuration 
and  in  figure 5 for  the  twin-vertical-tail  configuration. The effects 
of trailing-edge  flap  deflection  on  the  aerodynamic  characteristics  in 
pitch  xith  the camrd surfece  off  are  shorn  in  figures 6 and 7 for  the 
single-teil  and  twin-tail  configurations,  respectively. As would  be 
expected  for a constant  center-of-gravity  positiozl,  the  coEfigurations 
wit3  the car2rd control  surfgces (figs. 4. ar-d 5 )  provide lower s=katic 
margins  and  higher  controllability  thzn the configurations  with  the 
cenard  surfaces  removed (figs. 6 and 7). In  fact,  for  the  configurations 
with  the  canard  surlaces  renoved,  the  static  nargilz is so grea-l and the 
controllability so l o w  thet  it  would  be  necessary to move  the  center of 
grsvity  rearward to p e d t   t r f d n g  at  the maxim L/D. (See  figs. 6 
and 7.) 

A comparison  of  the  longitudinal t r i m  cbxiracteristics  lor  the  con- 
figurations  with  the cmard control  and  with  the  trailing-edge  flap 
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control  is  preeerted in figure 8. This  comparison  is  for a constant 
static  rmrgir?  of  approximtely 22 percent E which  was  the  value 
obtained  at  the  test  center-of-gravity  position  for  the  configurations 
having  the  canard  surface. For the  flzp  control  vith  the  canard  off, 
it was  necessary to shift  the  cen+er  of  gravity  rearward  apsroximtely 
15 Fercent c in  order  to  obtain a static  margin  of 22 percent E. 
The  trim  results  (fig. 8) indicate a higher  lift-curve  slope, a higher 
m x i x m  lift, a lower  drag  due  to  lilt,  and a higher maximm value  of 
L/D with  the  canard  control  than  wit3 t'ie flep  control  for a fixed 
static  nargin  of 22 percent  c.  There  was  relatively  little  difference 
Fn  the  trim  results  wFth  the  flap  control  whether  the  canard  surface  was 
on or off. The  primary  considera%ion  in  this  case  is  the  fact  that  t3e 
center-of-gravity  position for the  canard-off  configuration  is  farther 
rearward  than for the  canard-on  conliguration and hence  the  effects  on 
directional  stability rmst be  considered. 

- 

The  advantages of the  cm-arc?  control  over  the  flap  control ir- 
improving 1ongLtrdind trim  chzracteristics  would,  of  course,  be  less 
lor  lower  static  margins. A comparison of the  canard-control  configu- 
ration  with  the  flap-control  tailless  configuration  (canard  off) fo r  a 
static mrgin of zpproxinately 10 percent c is  shown  in  figure 9. 
The  configuration  with  the  canard  control  still  provides a higher  maxi- 
mu- lift  and a sli&:?tly  higher  raximuu vdue of  L/D. As the  static 
margin  approaches  zero,  each  control  system  provides  infinite  longitu- 
dinal  control  effectiveness  and  the m a x i m  values  ol L/D approach 
Close  obtsiced  for  the  controls  fixed  at Oo deflection. 

- 

The  longitucinal  trim  characteristics f o r  the  canard  control  used 
in  conjunctiozl  with  the  trailing-edge  flap  control m e  presented  in fig- 
ure 10 lor a static mrgin of  asproximately 22 percent  c.  The  most 
significant  contribution  of  the  flap  deflection  is  an  increase  in  the 
mximu- trim  lift.  The  maximurn  valde of L/D  is  obtained  using  the 
canaxd  colltrol  alone at 8 flap  deflecthor-  ol 0". Only for a small lift 
rarrge  abave  the L i f t  coefficient for I?lexirr.urr?.  L/D  does  the  use of the 
flap  in  conjunction  with  the  canard  control  provide a higher  value  of 
L!D thar?  that  obtailled  with  the  canard  alone. 

- 

Although  the  effec*s of the  vertical  tail on the  longitudinal  charac- 
teristics  are  relatively smll, an examimtion of the  trim  characteristics 
reveals  thzt K?e mlnimm drag  is  measurably  lower and the  values  of L/D 
generally  higher  for  the  single-tail  cor-figurations  than  for  the  twin-tail 
configurations . 

Latersl  Stability . 
The  primary prpose of the  twin-vertical-tsil  errangement, of cause, 

is to provide a higher  level of directional  stability  particularly  in 
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those  cases where it may be Cesirable t o  shif t   the   center  of grzvity 
resrward i n  order t o  insrove the longitu6inzl t r i m  character is t ics .  

Tie   effect  of vertical-tail   arrmgement on the  s idesl ip   der ivat ives  
for  the  configuration with and withoLxt the  call=& surfece i s  shown i n  
f igure 11. As rdght  be  expected, the tvin-tail  arrangenent  grovides 
about  twice as mch   d i r ec t iona l   s t ab i l i t y  as does the  single-tail   arrange- 
ment at a = Oo. With t'ne canard  surface  off,  the  increase  in C pro- 
vided by the  twin tail i n  comparison with  the  single t a i l  i s  about con- 
stent t'nroughout the  angle-of-attack  range. With the  camrd  surface or! 
( f i g .  ll(b)), however, t'ne s tabi l iz ing  increnents   in  C provided by 

t h e   t v i n - t a i l   i n  comparison with  the  single t a i l  increase sone-whaC with 
ircreasing  angle of a t tack  es a result probably of a fzvorable  sidewash 
induced on the tai ls  by the  canard-surfsce  flow  field. 

% 

np 

Although the twin-tail  arrangeaent i n  comparison tiith the single- 
t a i l  arreagezneat indicates  an  increase  both  in -Cyp -6 C the  

change i n  C is  r e l a t ive ly  small. (See f i g .  11. ) This  probably 
r e su l t s   f roa  an interference  effect  of the   ver t ice l  ta i ls  on the  xing 
tiss s o  that, i n  sideslip, the upvind t a i l  would provide e posit ive 
pressure zbove the -wing t i p  whereas the downwind tail would provide e 
negative  pressure above the  wing t i p .   I n   t h i s  manner a rollizlg m E n t  
would be induced OD t h e   - i n g  that i s  opposite t o  t he   ro l l i ng  nonent t o  
be expected froxi the si&e force on the ve r t i ca l  tails. 

%' 
28 

The ef fec ts  02 the  cenard  surface on the s idesl ip   der ivat ives  
( f ig .  12) gecerally  indicate a smll reduction i n  C with  zngle  of 
z t t ack   fo r   t he  siflsle-tail arrangemnt and m i ccrease   in  with 
angle of attack  for  the  twFn-tail  arrangenent.  Apparently, t h i s  is a 
re su l t  of the  s ingle  tail being  nounted in   the  adverse sidewash field 
fro= the canard  whereas the t w i r -  tai ls  are mounted i n  such a posit ion 
as t o  be i n  a favorzble  sidewash field. In a&lition, the presence  of 
the  canard  surface  generally  causes arn- increase i n  the effective  dihe- 
dral more negative CLp) for both t a i l  arrangemnts. This i s  probably 

ceused by a d e c r e a s e   i n   l i f t  from the  doimwiEd  wiEg panel  result ing from 
the  c&nard surface hownvash. 

np 
CnP 

( 

Deflection of the canard  control t o  l5O ( f ig .  13) apparently  accen- 
tuates the w2ke effects fron? the   camrd   sur face   in  that C is  generally 
f a t h e r  reduced f o r  t'le s ing le- ta i l  arrangement and generally  increased 

generally  ceuses z Turther increase  in  -Czp for  both t a i l  arrangements. 

nD 

. for the   twin-tai l  arrangement. In  addition,  deflection of  t'ne cm-ard 

- - 
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Deflection  of  the  trailing-edge  flap  control  to -30' hzd  little 
effect  on  the  sideslip  8erivatives  for t'ne single-tail  configuration 
with  the  canard  of3  (fig. 14(a)).  However,  for  the  twin-tail  con2igu- 
ration  wit2  the  canard  off  (Pig.  14(b) ), deflection  of  the  trailing- 
edge  flap  resulted  in SODE increase  in  Cn , -Czp,  and -$@. This 
effect  is  probably  caused  by e. trensnittal  of  positive  pressures  from 
the  downwin&  r'lap to the  downwind  vertical-tail  panel. 

P 

Although  the  sideslip  derivatives with combined  canard  and  flap 
deflections  are  not shorn-, the  results  indicated  the  effects of deflec- 
tion  for  each  control to be  independent of deflection of the  other 
control. 

A limited  investigation  of  the  lateral  control  effectiveness  of  the 
trailing-edge  flap  was  nade at p = Oo wherein  anly  the  right-hand  flap 
was  deflected -TO0 while  the  left-hand  flap remined undeflected.  The 
results f o r  the  twin-tail  configuraticn  (fig. 15) indicate e positive 
r o l l  effectiveness  and  acverse  yaving momnts th&t  decrease  only  slightly 
with  increasing mgle of  attack.  T3e  adverse  yawing  moments  probably 
result  from s. transmittal of positive  pressures fron the  deflected  flap 
to the  inboard  side  of  the  right-hand  tail. 

CONCLUSLONS 

A-n Investigation  has  been  conducted  in  the  Langley 4- by k-foot 
supersonic  pressure tunel at e. Mach  nunber of 2.01 to determine  the 
stability  and  control  characteristics  of a 60° delta-wing  configura5ion 
equlpped  with a caazrd  cop-trol  surface  and  with  wing  treiling-edge f lap  
control  surfeces.  The  results of t'ae investigation  indicated  the fol- 
Lowing  conclusions: 

2. For a constant  static mrgin, there we.s generally  little  difzer- 
ence  in  the  trip  characteristics with the  flap  control  whether  the  canard 
surr"ace  was on o r  off.  Eovever,  for  the  sane statk margin,  the  center 
of gravity  must be farther  rearward  with  the  canard  off  and  hence  the 
effects  on  directional  stability  must  be  considered. 

3 .  W5er, used  in  conjunction  wit3  the  canard  control,  the nost signi- 
ficant  contribution  of the flap control  was an increese  in  the  maximum - - 



t r i m  l i f t .  The highest nexim value 02 l i f t -dxag ratio was ob tahed  

l i f t  coeff ic ient  fo r  m z x i m   l i f t - d r a g   r a t i o  did the use of t3e flap i n  
conjunction  with  the car-erd cor-trol  provfde a higher lift-drzg r a t i o  
tbxm the% obtained w i t i i  the cana,rd control alol?-e. 

- with  the  canard  cor-trol  done. Only for s small LZft range above the 

4. The twin-tai l   configurat ion,   in   conparisoc  xt th   the  s ingle- ta i l  
configuration,  provided a stabilizing  increnenk i n  d i r ec t iona l   s t ab i l i t y  
t h t  increased  soEwhat  with  increasing  zngle of attack as a result of 
a favoreble sidekiash inciuced on the  tails by the cemd-sur face   f lov  
f i e l d .  

Lmgley  Aeronautical  Laboratory, 
Netional Advfsory Conni-Ltee for Aeromutics, 

Langley Field, Va., January 3, 7-958. 

1. Driver, CornelLus: Longitudiml and Laterel Stabi l i ty   Control  
Cheracterist ics of Two Cmard  Airplane  Configurations z;t Mach Num- 
bers or” 1.k1 and 2.01. U-CA RM ~56~19, 1957. 

2. Spewmn, 14. Leroy, and Driver,  CorEelius:  Effect of C a n a r d  Surfzce 
Size 011 Stab i l i t y  .m& Control  Ckwacterist ics of Two Canard Airplane 
Configmations a t  “ah Nuhers of 1.41 and 2.01. NACA RM L57LlTa, 
rg3a. 



10 

GZOMERIC CHARACTERISTICS OF MODEL 

NACA Ri'V L5&20 .. 

SOQ : 
N a x i m  diameter. i n  . . . . . . . . . . . . . . . . . . . .  3*50 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  37.00 
Base area. sq in . . . . . . . . . . . . . . . . . . . . . .  9.62 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . .  10.57 

w i n g :  
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  22.56 
Chord a t  body center  l ine.   in . . . . . . . . . . . . . . .  l9.51Cl 
Mean geometric chord. i n  . . . . . . . . . . . . . . . . . .  13.027 
Area. sq f't . . . . . . . . . . . . . . . . . . . . . . . .  1-53 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Taser r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0 
Sveep of leading edge. deg . . . . . . . . . . . . . . . .  60 
Incidence  zngle. deg . . . . . . . . . . . . . . . . . . .  0 
Thickness r a t i o  . . . . . . . . . . . . . . . . . . . . . .  0.036 
Section . . . . . . . . . . . . . . . . . . . . . . . . .  Hexagonal 

Canarc surface: 
k e a .  exposea. sq i n  . . . . . . . . . . . . . . . . . . . .  13.59 

Mea geometric chord. i n  . . . . . . . . . . . . . . . . . .  3-33 

Section . . . . . . . . . . . . . . . . . . . . . . . . .  Hexagonal 

Span. emosed. a t  hinge  line. i n  . . . . . . . . . . . . . .  4.2 

Ratio of exposed s rea  t o  wing area . . . . . . . . . . . .  0 . 062 

Vertical  t a i l  panel: 
Area. exposed. sa_ i n  . . . . . . . . . . . . . . . . . . . .  23.46 

Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.314 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  1.11 
Sweep of leading eiige. deg . . . . . . . . . . . . . . . .  60 
Section . . . . . . . . . . . . . . . . . . . . . . . .  Wedge p la te  

Spen. exposed. Fn . . . . . . . . . . . . . . . . . . . . .  5.1 

. 
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NACA RM ~ 5 8 ~ 2 0  

" .  
Relative wind 

Z 

( E )  Stability axis. 

Figure 1.- Axis systems. (Arrows indicete  positive  directions.) 



NACA m ~ 5 8 ~ 2 0  

Relative wind 

X 

X < +  
Q 
I > 

Relative wind 
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-7 
(b) Body axis. 

Figure 1.- Concluded. 
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(a) Three-view drawing oil general arrangement 

Figure 2.- Details of m o d e l .  

I . I . 



NACA 31 ~ 5 8 ~ 2 0  "- 

I O B 0  + 

Canard surface 

Vertical tail 

(b) Details of canard surfece and vertical tail. 

Figme 2.- Concluded. 



. .  . I ,  . .  

Figure 3 .  - Photograph of model. 
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Figure 4.- Effects of canard deflection on 
ilz pitch lor various flap deflect iom. 

aerodynamic character is t ics  
Single   ver t ical  tai l .  
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(a) Concluded. 

Figure 4.- Continued. 



(b) sf 3 -loo. 
Figure b .- Continued. 
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(b) Concluded. 

Figure 4.- Continued. 

NACA RbI ~ 3 8 ~ 2 0  



(c) 6f = -200. 

Figure 4.- Continued. 
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CL 

(c)  Concluded. 

Figure 4. - Continued. 

KACR RM ~58.~20 



NACA E4 L58A.20 

. 

. (a) 6f: = -30'. 

Figure 4.- Comkinued. 
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CL 

( d) Concluded . 
Figure 4.- Concluded. 

NACA FM ~ 5 8 ~ 2 0  
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NACA I34 ~ 5 8 ~ 2 0  - 

a, dr 

(a) €jf = oo. 

Figure 5.- EXects of cemrd deflection on aerodyr??c  characteris 
i n  pitch for vE;rious flag deflections. m-in vertical tails. 

t i c s  
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CL 

(a) Concluded. 

Figure 5.- Continued. 

6 
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(b) 8f = -loo. 

Figure 5.- Continued. 



28 - NACA RM ~ 5 8 ~ 2 0  

CL 

(b) Concluded. 

Figure 5.-  Continued. 
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(c) 6f. = -200. 

Figure 5.  - Continued. 
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( c) Concluded. 

Figure 5.- Continued. 

NACA IIM ~ 5 8 ~ 2 0  
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(a) 6f = -30°. 

Figure 5.- Conkinued. 



NACA ~ 5 8 ~ 2 0  

.. 

(a) Concluded. 

Figure 5.- Concluded. 
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Figure 6.- Effects of trailing-edge fleg deflection on a e r o d y m c  
chzracter is t ics  i n  pitch.  Canard off; s ing le   ver t ica l  tail.  
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. 
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CL 

Figure 6 .- Conchded. 
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Figure 7.- Effects of trailing-edge  flap  deflection on aerodynamic 
chzrecteristics in pitch. Cmard off; twir- verticel  tails. 
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Figure 7.- Concluded. 
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30 

20 

0 

.08 

0 

CD 

Figure 8.- Comparison of longitudlnal trim characteristics  with canard 
control and flap coGtrol l o r  model with single and tldn vertical 
tei-1s. Stetic =gin, spproximtely 22 gercent c. 

- 



NACA RM ~ 5 8 ~ 2 0  

" 
-.I 0 .I .2 .3 .4 .5 .6 

CL, trim 

(b) !bin  ver t ical  tails. 
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Figure 8.- Concluded. 
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. 

Figure 9.- Conperison of longitudinal trim characteristics for canard 
and tailless (canard off) configuretions fo r  single- and twin- 
vertical-tail mrangenents. Static margin, approximately 10 per- 
cent  c. - 
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(b) Twin vertical tails. 

Figure 9.- Concluded. 

NACA R4 L58A20 
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" 
-.I 0 .I .2 3 .4 .5 -6 

CL , trim 

Figure 10.- EZfect  of  canera deflection with var+ous f lap  def lect ions 
on tlne longi tudiml  t r i m  c k a c t e r i s t i c s  03 the model with  single 
an& %win ve r t i ca l  teils. S t a t i c  mE;cgLn, approxim-bely 22 percent  c. - 
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(a) C a n e r d  off; Sf = Oo. 

Figure 11.- Effect of vertical-tail arrangemerrt on sideslip  derivatives 
for node1 with m d  without cenzrd surface. 
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cn! 

(b) Canard on; 6, = 6f = oo 

Figure 11.- Concluded. 

NACA RM ~58-@0 
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F-igure 12.- Effect of canard smface on sideslip  derivatives for model 
with single and twin vertical  tails. 6, = 6f = Oo. 
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(b) Twin vertical tails. 

Figure 12. - Concluded. 

NACA RM ~ 5 8 ~ 2 0  

. 
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Figure 13. 
IT 

(a) Single vertical   tai l .  

- Effect of carerd deflection on sideslip  derivatives fo r  
!ode1 w i t h  single an-d twin vertical   tai ls .  = Oo. 
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(b) Twin vertical  tails. 

Figure 13.- Concluded. 
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NACP. X4 ~ 5 8 ~ 2 0  49 

Figure 1b.- Effect of f lap  Ceflection on s idesl ip   der ivat ives  for  model 
vitlr single and  twin ve r t i ca l  tails. Cmard off. 



(b) Thin vertical tails. 

Figure 14.- Concluded. 
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QI 

Figme 15.- Lateral control characteristics for nodel with twFn vertical 
L bails. p = oO; 6, = 00. 

NACA - Langley Field, Va. 
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